Salmeterol is a long-acting b2-agonist that activates adenylate cyclase, causing long-lasting bronchodilation and has been used for many years to control asthma. However, little information is available about the immunoregulatory effects of salmeterol. We found that salmeterol decreases the production of pro-inflammatory cytokines in a model of allergen-challenged mice that expressed tumor-necrosis factor-alpha, interleukin-1 and interleukin-6. Dendritic cells (DCs) are antigen-presenting cells and act as sentinels in the airway. We found that salmeterol (10 25 mol/l) reduced the inflammation caused by lipopolysaccharide (0.1 mg/ml) in activated murine bone marrow-derived DCs. Moreover, western blots demonstrated that this protective effect was mediated partially by inhibiting signaling through the nuclear factor-kappa B (NF-kB), mitogen-activated protein kinase (MAPK) pathways and dramatically decreased levels of p-ERK. We suggest that salmeterol regulates the inflammation of allergen-induced asthma by modulating DCs. In conclusion, we provide evidence that DCs are the target immune cells responsible for the action of salmeterol against asthma.
INTRODUCTION
Asthma, a response of the respiratory mucosal immune system, is a chronic airway inflammatory disease characterized by airway hyperresponsiveness (AHR) to a variety of specific and nonspecific stimuli and reversible airflow obstruction due to pulmonary eosinophilia, mucus hypersecretion and increased serum immunoglobulin E levels. 1 Because of its potent bronchodilating effects, the long-acting b2-adrenoreceptor (b2-AR) agonist salmeterol is traditionally prescribed in addition to therapies involving inhaled corticosteroids for treatment of moderate to severe asthma. 2 Salmeterol is highly lipophilic and diffuses through the lipid bilayer in muscle cell membranes to reach the b2-ARs, explaining its slow onset and long duration of action.
3 b2-ARs are widely distributed not only in the smooth muscle tissue in the airway but also on some immunological cell membranes, 4 implicating b2-ARs in the underlying immunological processes.
Dendritic cells (DCs) are antigen-presenting cells that serve as sentinels in the airway and induce primary immune responses.
1,5 DCs develop from bone marrow precursors and reside as immature DCs throughout the airway. When aeroallergens invade or exposure to inflammatory cytokines occurs, immature DCs undergo differentiation and maturation. Upon maturation, DCs on mucosal surfaces migrate into mediastinal lymph nodes 6, 7 where they stimulate naive T cells and initiate adaptive immune responses. During this interaction with naive T cells, DCs not only report their earlier microenvironment but also alter the polarization of T helper (Th) 1 or Th2 cells. 8 In asthma, DCs are critical for the development of the Th2 immune response. 9 DCs also secrete high levels of pro-inflammatory cytokines when activated by the binding of the Toll-like receptor (TLR) 4 ligand. It has been demonstrated that pro-inflammatory cytokines in asthmatic subjects are higher than in normal subjects and play a key role in the development of asthma. 10, 11 DCs form an interface between the innate and adaptive immune systems and orchestrate both primary and secondary immune responses. Despite the key role that DCs play in the development of asthma, few researchers have investigated the contribution of DCs to the action of anti-asthmatic agents in airway inflammation. We suggest that DCs may be the targets of anti-asthmatic drugs because DCs express b2-ARs, histamine receptors and cysteinyl leukotriene receptors. 12, 13 The purpose of this study was to examine murine bone marrowderived dendritic cells (BMDCs) cultured in the presence of salmeterol and lipopolysaccharide (LPS) to assess the effects of this b2-agonist on the function of DCs in vitro and in vivo.
MATERIALS AND METHODS

Mice and reagents
Female C57BL/6 mice, 6-8 weeks of age, were purchased from Joint Ventures Sipper BK Experimental Animal (Shanghai, China) and kept in a specific pathogen-free environment (Hangzhou, China). The animal protocol was reviewed and approved by the Institutional Animal Care and Use Committee of Zhejiang University, and the animals were cared for in accordance with guidelines from Zhejiang University and the National Institutes of Health. LPS derived from Escherichia coli 0111:B4 and ovalbumin (OVA) were obtained from Sigma Chemical Co. (St Louis, MO, USA). Recombinant murine granulocyte/macrophage colony-stimulating factor (GM-CSF) and IL-4 were purchased from PeproTech (Rocky Hill, NJ, USA). Antibodies specific for total and phosphorylated forms of ERK1/2 (Thr202/Tyr204), JNK1/2 (Thr183/Tyr185) and p38 (Thr180/Tyr182) were purchased from Cell Signaling Technology (Boston, MA, USA). The phospho-IkBa and IkB kinase complex (IKKa/b) and P65 were from purchased Thermo (Rockford, IL, USA). The antibody used to detect b-actin was purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). FITC-conjugated anti-mouse CD86, PE-conjugated antimouse CD11c, CD80, CD40, MHC-II and the enzyme-linked immunosorbent assay (ELISA) kits for murine TNF-a, IL-1 and IL-6 were purchased from eBioscience (San Diego, CA, USA). Salmeterol was purchased from West Woods Business Park (Elisville, MO, USA), dissolved in 100% DMSO (Sigma Chemical Co., St Louis, MO, USA) and diluted with RPMI 1640 medium to the desired concentration with a final DMSO concentration of 0.1% for the in vitro studies. DMSO was added to untreated cultures at 0.1% (v/v) as a solvent control.
Generation of DCs
Murine BMDCs were prepared as previously described, with minor modifications.
14 Briefly, bone marrow mononuclear cells were prepared from mouse (6-8 weeks old) tibia and femur suspensions by depletion of red cells and were cultured at a density of 2310 6 cells/ml in six-well plates in complete RPMI 1640 medium supplemented with 10 ng/ml rmGM-CSF and 1 ng/ml IL-4. Non-adherent cells were gently washed out after 48 h of culture; the remaining loosely adherent clusters were cultured for an additional 48 h and harvested for treatment with salmeterol and LPS. To analyze the effects of salmeterol on DC development, salmeterol (10 28 -10 24 mol/l) was added on day 6 with or without LPS (0.1 mg/ml).
Apoptosis assay
After treating with salmeterol (10 28 -10 24 mol/l) for 24 h, DCs were labeled with annexin V and propidium iodide (PI) purchased from BD PharMingen (San Diego, CA, USA), following the manufacturer's instructions. Apoptotic cells (annexin V-and PI-positive) were detected using flow cytometry.
Measurement of cytokines
DCs were cultured at a concentration of 5310 5 cells/ml in 24-well microplates (Costar) and were activated with LPS (0.1 mg/ml) in the presence or absence of salmeterol in complete RPMI 1640 medium supplemented with 10 ng/ml rmGM-CSF and 1 ng/ml IL-4. Concentrations of tumor necrosis factor-alpha (TNF-a), IL-1b and IL-6 in cell culture supernatants or in bronchoalveolar lavage fluid (BALF) were measured using murine cytokine-specific Quantikine ELISA kits (eBioscience).
Real-time RT-PCR
The effects of salmeterol on the kinetics of mRNA expression of TNFa, IL-1b and IL-6 in DCs activated by LPS were investigated. Total RNA was extracted from DCs with TRIzol reagent, and then, following the instructions provided by the manufacturer, cDNAs were synthesized using a Revertaid First-Strand cDNA Synthesis Kit (Toyobo, Northpoint, UK). PCR amplification reactions were conducted using a SYBR Green Supermix (TaKaRa; Dalian, China) in a 20 ml reaction containing 200 nM primers and 5 ng cDNA. Thermal cycling was initiated with a 2-min denaturation at 95 uC, followed by 40 cycles at 95 uC for 34 s, 60 uC for 15 s and 72 uC for 30 s. All measurements were performed in duplicate. The level of inflammatory cytokine mRNA expression was assessed relative to that of the b-actin housekeeping gene. The following primer pairs (forward and reverse, respectively) were used: 59-CTGGGACAGTGACCTGGACT-39 and 59-GCACCTCAGGGAAGAGTCTG-39 for TNF-a; 59-AGTTGCCTT-CTTGGGACT GA-39 and 59-TCCACGATTTCCCAGAGAAC-39 for IL-6; and 59-GCCCATCCTCTGTGACTCAT-39 and 59-AGGCCAC-AGGTATTTTGTCG-39 for IL-1b.
FACS analysis
DCs were harvested and washed twice with phosphate-buffered saline (PBS) containing 0.1% sodium azide and 2% heat-inactivated fetal calf serum (wash buffer). Cells were then incubated with Fc receptorblocking antibodies (PharMingen) for 5 min. Fluorescence antibodies were then added at a concentration of one mg per 1310 6 cells per 100 ml, and cells were incubated at 4 uC for 30 min. The cells were washed twice with ice-cold PBS and then analyzed by flow cytometry using a FACSCalibur flow cytometer and Cell Quest software (Becton Dickinson, Mountain View, CA, USA).
Western blotting
For analysis of mitogen-activated protein kinase (MAPK) and signaling pathways, phospho-antibodies against ERK1/2, JNK/SAPK and p38 were used to detect expression levels of these molecules in whole-cell lysates using western blot. To examine the effects of salmeterol on nuclear factor-kappa B (NF-kB) nuclear translocation, cell lysates were analyzed using Western blotting to detect phospho-IkBa, IKKa/b and P65. Cell extracts were subjected to SDS-PAGE, transferred onto nitrocellulose membranes and were blotted as described previously. 15 Protocol for the model of allergen-challenged mice The protocols and schedules used for OVA, LPS or PBS administration to mice are summarized in Figure 1a . All mice were sensitized on days 0 and 14 by intraperitoneal injection of either PBS or 0.08 mg OVA and 0.1 ml aluminum hydroxide (alum) in 0.1 ml of PBS (pH 7.4). After sensitization, animals were exposed to aerosolized PBS-only (negative control), 1% OVS/PBS (acute exposure), 1% OVA/0.01% LPS/PBS (extra LPS exposure) or 1% OVA/0.01% LPS/salmeterol/ PBS (sal treatment) for 40 min, once per day for 3 consecutive days (days [24] [25] [26] . On day 27, the mice were killed and lungs were divided into two groups for analysis: the left lung lobes were lavaged three times with 1 ml of PBS with 1% fetal calf serum and 5 U/ml heparin, and the right halves were fixed by 4% paraformaldehyde for histological analysis.
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Analysis of BALF Cell counts were determined on BALF smear slides stained with Wight and Giemsa (Beyotime, Nantong, China). Numbers of eosinophils were calculated as the percentage of eosinophils multiplied by the total number of cells in the BALF samples. The collected BALF was then centrifuged at 800g, and the supernatant was collected for analysis of cytokine levels. 16 Lung histology Paraffin-embedded sections (4 mm) were stained with hematoxylin and eosin to evaluate lung infiltration, as described previously. 17 A semiquantitative scoring system was used to grade the size of lung infiltrates, whereby 15 signifies a large (.3 cells-deep) widespread infiltrate around the majority of vessels and bronchioles, and 11 signifies a small number of inflammatory foci. Goblet cells were counted on periodic acid-Schiff-stained lung sections using an arbitrary scoring system. In brief, periodic acid-Schiff-stained goblet cells in airway epithelium were measured in a double-blinded manner using a numerical scoring system (0, ,5%; 1, 5-25%; 2, 25-50%; 3, 50-75%; and 4, .75% goblet cells). The sum of the airway scores from each lung was divided by the number of airways examined (20-30 per mouse) and expressed as a mucus score in arbitrary units. Salmeterol
Airway hyper-responsivity in response to methacholine (MeCh) AHR was assessed by whole-body plethysmography (Buxco Electronics, Troy, NY, USA), inducing airflow obstruction with a MeCh aerosol. 19, 20 Each group of mice was exposed for 3 min to aerosolized saline followed by exposure to increasing concentrations of aerosolized MeCh (0, 6, 12.5, 25, 50 and 100 mg/ml) dissolved in isotonic saline. Following each nebulization, the enhanced pause (Penh) was recorded for 3 min. The Penh values measured during each 3 min sequence were averaged and expressed for each dose of MeCh. Penh data were plotted as the change from baseline per dose.
Statistical analysis
All experiments were independently performed three times in triplicate. Results are given as the mean6s.d. Results were compared using Figure 3 Salmeterol attenuates the AHR and inflammatory response in asthma (A) Salmeterol decreased OVA/LPS-induced AHR in response to methacholine. Airway reactivity in response to increasing doses of nebulized methacholine was assessed by whole-body plethysmography (n510). The data are expressed as the mean6 s.e.m. *P,0.05; extra-LPS exposure group vs. salmeterol treatment group. (B) Salmeterol regulates the inflammatory response in asthma. Asthma was induced as described in the section on 'Materials and methods'. Total cells (a) and eosinophils (b) from BALF were enumerated to evaluate lung airspace inflammation. (c-f) The levels of IgE in blood serum and the levels of pro-inflammatory cytokines in BALF were measured by ELISA. Group comparisons were analyzed by one-way ANOVA with the Dunnett post hoc t-test. *P,0.05; data are representative of three independent experiments (n55). AHR, airway hyper-responsiveness; BALF, bronchoalveolar lavage fluid; IgE, immunoglobulin E; LPS, lipopolysaccharide; OVA, ovalbumin; TNF, tumor-necrosis factor; Penh, enhanced pause.
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the Student's t-test and ANOVA. Values of P,0.05 were considered to be statistically significant.
RESULTS
Salmeterol induces apoptosis of DCs
As an inhalant, the clinical concentration of salmeterol in the plasma is very low. 21 To exclude the possibility that the impairment of DC function caused by salmeterol was due to a reduction of DCs via apoptosis, we first detected the apoptotic sensitivity of BMDCs to salmeterol. On day 6 of DC culture, salmeterol was added at different concentrations (10 27 -10 24 mol/l) and the cultures were incubated for 24 h. We found that the highest concentration of salmeterol (10 24 mol/l) caused apoptosis of DCs, as shown by annexin V and PI labeling (Figure 1b) . This observation demonstrated that the highest concentration of salmeterol that should be used in BMDCs is 10 25 mol/l, as salmeterol could not affect the differentiation and maturation of DCs at this concentration (data not shown).
Salmeterol attenuates the inflammation of asthma induced by OVA and LPS Salmeterol stimulates the b2-receptors located in the smooth muscle tissue in the airways, resulting in smooth muscle relaxation. 22 Salmeterol is used in combination with inhaled corticosteroids for long-term prevention and control of symptoms in moderate or severe, persistent asthma. 23 We investigated whether salmeterol could regulate the inflammation of asthma. Microscopically, the lung tissue of allergen-challenged mice showed peribronchial cell recruitment, together with hyperplasia of bronchial smooth muscle. Figure 2 shows the representative lung pathology of four groups of allergen-challenged mice. In all groups, the extra-LPS-exposed mice developed the most severe allergic airway inflammation, characterized by goblet cell hyperplasia (Figure 2a) , peribronchovascular eosinophilic infiltration ( Figure 2b ) and a large number of eosinophils in the BALF (Figure 2c ). Salmeterol reduced peribronchial eosinophilic infiltration and mucus hypersecretion and hyperplasia of goblet cells compared with the extra-LPS exposure group (Figure 2d) . These results demonstrated the remedial effect of salmeterol on asthma.
Salmeterol decreased OVA/LPS-induced AHR in response to MeCh
As a long-acting b2-AR agonist, salmeterol has been used for bronchodilation for many years in clinical settings. As shown in Figure 3A , salmeterol decreased the allergic mice after challenge with OVA/LPS. Whole-body plethysmography was carried out to examine the AHR in response to MeCh. In comparison with the control group of mice, the groups treated with OVA and extra-LPS developed a greater Penh in response to MeCh at the doses of 25 and 50 mg/ml. Treating the OVA/ LPS groups with salmeterol resulted in a significant decrease in the enhanced AHR in allergic mice in a dose-dependent manner. As it is already known that salmeterol decreases the AHR via bronchodilation, 24 the data on the group treated with OVA/salmeterol are not shown.
Salmeterol regulates the response of inflammation in asthma TLR4 signaling plays a key role during the inflammatory process in the lung, 25 and LPS is a natural ligand of TLR4. We used an in vivo asthma model to determine whether salmeterol could influence the inflammation caused by TLR4 signaling. After aerosolizing different groups of mice, we determined the total inflammatory cell and eosinophil count in the BALF (Figure 3B(a) and (b) ) and compared these results with those in the group challenged with OVA and LPS only. We found that the number of total inflammatory cells decreased after treatment with salmeterol. We also collected serum to measure the concentration of immunoglobulin E ( Figure 3B(c) ). Pro-inflammatory cytokines were measured in the group treated with salmeterol and then compared to the group challenged with OVA and LPS only ( Figure 3B  (d-f) ). Levels of TNF-a, IL-1b and IL-6 were significantly lower in samples from salmeterol-treated mice, as compared to measurements from the extra-LPS exposure group, but these levels were not different from those in the acute exposure group. These results suggested that salmeterol contends with asthma via regulating the inflammation of the airway.
Salmeterol decreases mRNA and protein expression levels of pro-inflammatory cytokines in LPS-activated DCs Because salmeterol can alleviate inflammation associated with asthma, we wanted to determine whether salmeterol can decrease the expression of pro-inflammatory cytokines in DCs. First, mRNA expression of pro-inflammatory cytokines from LPS-activated DCs after treatment with salmeterol (10 25 mol/l) was analyzed by real-time PCR. As shown in Figure 4a , the mRNA levels of TNF-a, IL-1b and IL-6 were significantly lower in treated DCs than in the control (P,0.05). We then detected the levels of protein expression of pro-inflammatory cytokines. Salmeterol treatment significantly inhibited production of pro-inflammatory cytokines, including TNF-a, IL-1b and IL-6 from LPS-stimulated DCs. As shown in Figure 4b , salmeterol decreased the expression of TNF-a, IL-1b and IL-6 in a concentration-dependent manner. After treatment for 9 h with a final salmeterol concentration of 10 25 mol/l, the levels of TNF-a, IL-1b and IL-6 were significantly lower in the supernatants of salmeterol-treated LPS-stimulated DCs than in LPS-stimulated DCs.
Salmeterol inhibits the activation of MAPK and NF-kB pathways induced by TLR4 signaling LPS interacts with DCs and is recognized by TLR4. 26, 27 MAPK signaling pathways play important roles during DC maturation, differentiation and cytokine secretion. We examined whether MAPK signaling pathways are involved in the salmeterol-mediated impairment of proinflammatory cytokine expression in DCs. Upon LPS stimulation of DCs, the ERK, p38 and JNK pathways were rapidly activated, whereas salmeterol-treated DCs showed decreased activation, as evidenced by alteration in the levels of phosphorylated ERK, p38 and JNK. Under normal conditions, most NF-kB subunits are sequestered in the cytoplasm by IkBa and IKKa/b. Following IkBa and IKKa/b phosphorylation, NF-kB subunits translocate into the nucleus where they regulate the expression of various genes. We found that phosphoIkBa and IKKa/b levels in total cell lysates of LPS-stimulated, salmeterol-treated DCs were considerably lower than those in control DCs ( Figure 5 ). Phospho-p65 subunit levels showed corresponding changes. Surprisingly, LPS stimulation for 30 min significantly decreased the total levels of IkBa and IKKa/b. Thus, we observed the dynamics of IkBa and IKKa/b over a 2-h LPS stimulation period. We found that salmeterol could partially inhibit LPS-induced activation and degradation of IkBa and IKKa/b. The salmeterol-mediated alterations in the secretion of pro-inflammatory cytokines in mature DCs may be partially due to inhibition of the MAPK and NF-kB signaling pathways.
DISCUSSION
Asthma affects 300 million people worldwide 28 and is increasing in prevalence, particularly in Western Europe and the United States.
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Asthma is characterized by chronic inflammation of the airway. Generally, the inflammation associated with asthma is directed by Th2 cytokines; these cytokines engage in positive feedback mechanisms to promote the production of more inflammatory mediators. DCs, the primary antigen-presenting cell, play a unique role in initiating and regulating primary immune responses and are pivotal to the Th1/Th2 balance.
1 Salmeterol is known to be a long-acting b-agonist and is a powerful agent used to relieve the bronchoconstriction associated with asthma. 29 However, the impact of salmeterol on DCs has not been well studied.
In this study, we found that salmeterol could not alter the phenotype of DCs. Salmeterol was also unable to affect the ability of DCs to Figure 4 Salmeterol decreases the mRNA and protein levels of pro-inflammatory cytokines in LPS-activated DCs. (a) Effect of salmeterol on mRNA levels of proinflammatory cytokines in LPS-activated DCs. Murine BMDCs (day 6) were treated as indicated, and then they were harvested and the total RNA was extracted. Realtime PCR was performed to examine relative levels of TNF-a, IL-1b and IL-6 mRNA expression. DCs (day 6) were treated with salmeterol (10 mM) and LPS (0.1 mg/ml) for 3 h and then analyzed using real-time PCR. *P,0.05; extra-LPS exposure group vs. salmeterol treatment group; data are representative of three independent experiments. (b) Effect of salmeterol on secretion of pro-inflammatory cytokines in LPS-activated DCs. Day 6 DCs were treated as indicated and were then analyzed for cytokine production by ELISA. The LPS concentration in the samples was 0.1 mg/ml. Samples were incubated with different concentrations of salmeterol for 9 h. *P,0.05; LPS (0.1 mg/ml) vs. LPS/salmeterol (10 mM). Data are representative of three independent experiments. BMDC, bone marrow-derived dendritic cell; DC, dendritic cell; LPS, lipopolysaccharide; TNF, tumor-necrosis factor.
Salmeterol attenuates inflammatory response in asthma ZL Hu et al 273 stimulate the proliferation of allogeneic T lymphocytes or their ability to polarize T cells (data not shown). Using an asthma mouse model, we found that salmeterol not only exerts powerful therapeutic effects, but also is able to largely alleviate the symptoms of inflammation (Figures 2 and 3) . We hypothesize that this phenomenon is related to the ability of salmeterol to change the pattern of pro-inflammatory cytokine secretion. Salmeterol greatly reduced the secretion of the proinflammatory cytokines TNF-a, IL-1b and IL-6 at both the mRNA and protein levels in DCs (Figure 4 ). The decreases in cytokine levels were dependent on the concentration of salmeterol used, providing strong evidence for the effect of salmeterol on the DC cytokine secretory profile. Recent studies have indicated that pro-inflammatory cytokines may be essential inflammatory mediators in the development of asthma. [30] [31] [32] Pro-inflammatory cytokines are important for the development of airway inflammation by the innate immune system before activation of the adaptive immune system. They also serve as chemoattractants for neutrophils and eosinophils, increasing the AHR. Our results provide evidence that salmeterol inhibits the secretion of pro-inflammatory cytokines by DCs, potentially contributing to the total decrease of pro-inflammatory cytokines in asthma mouse models. Therefore, although salmeterol does not affect the ability of DCs to polarize T cells, the drug is still able to relieve asthma by altering the function of DCs.
DCs express both TLR4 33 and b2-AR, 12 so the activation of b2-AR signaling may be involved in downregulating DC signaling through TLR4. It is well known that MAPK and NF-kB are the main pathways activated by TLR4 signaling. 34, 35 In our study, we found that salmeterol reduced the levels of phosphorylated IkBa and nuclear NF-kB, proteins that are normally induced during DC maturation, suggesting that the ability of NF-kB to regulate gene expression may be inhibited ( Figure 5 ). As expected, we also found that in salmeterol-treated DCs, the ERK, p38 and JNK pathways were rapidly activated at 15 min, whereas LPS-stimulated DCs treated with salmeterol showed dramatically decreased activation. b2-AR is a guanine nucleotide-binding protein-coupled receptor. The intracellular pathways activated by guanine nucleotide-binding protein-coupled receptors include the cyclic adenosine monophosphate/protein kinase A pathway, the MAPK/ERK1 pathway, the p43/p44MAPK pathway, the p38 MAPK pathway and the Ras pathway. 36 Ras is a membrane-associated guanine nucleotide-binding protein that is normally activated in response to the binding of extracellular signals. 37 We suggest that the phosphorylation of MAPK, which can be regulated by the Ras-Raf and Ras-PI3K signaling cascades, may be the node of those two signaling pathways, and this potential mechanism requires further study.
In summary, the data presented here provide initial evidence that salmeterol can suppress the inflammation associated with asthma, which may occur by action on the DCs. We also characterized some steps involved in its action mechanism, although additional studies are required to provide a more thorough understanding. Figure 5 Salmeterol inhibits MAPK and NF-kB activation. Day 6 DCs were treated with LPS (0.1 mg/ml) and salmeterol (10 mM) for varying amounts of time (0, 15, 30 and 60 min), and total cell lysates were prepared and analyzed for phospho-ERK (1/2) (p-ERK), phospho-JNK (p-JNK) and phospho-p38 (p-p38) expression. Cell lysates were prepared and blotted with the indicated anti-phospho antibodies. Total ERK, JNK and p38 were probed as quantitative controls. Salmeterol inhibits LPS-induced IKKa/b activation and NF-kB nuclear translocation. All proteins were extracted from cells, treated as above, and were western blotted for NF-kB p65. Phosphorylation levels of the proteins were quantified by measuring the band intensities. The results represent three independent experiments. DC, dendritic cell; LPS, lipopolysaccharide; MAPK, mitogen-activated protein kinase; NF-kB, nuclear factor-kappa B.
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